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INTRODUCTION 


This is Module 5 of PRE-TECH, Metrics in the Shop. You should have completed Modules 
1 through 4 before you begin this module. 

This module consists of an audio-visual program, a combination workbook and review guide, 
and a package containing six assorted shims. In this module you will learn how to use 
metrics in the shop and how to use the metric measuring tools needed to service diesel in¬ 
jection equipment. From time to time during the audio-visual presentation you will be 
required to demonstrate what you have learned by completing a series of review exercises 
using or reading metric measuring tools. 

PROGRAM OBJECTIVES 

When you have completed Metrics in the Shop you will be able to: 

1. Identify the metric measurements and terms for size, pressure, torque, and volume. 

2. Correctly use and read metric: 

a. micrometers 

b. vernier calipers 

c. dial indicators 

d. feeler gauges 

e. liquid measuring graduates 

3. Correctly apply metric measurements and measuring techniques to diesel injection 
equipment and components. 


NOTE: The Shim Package referenced in this Module has been omitted. 

Suitable shims may be obtained from your supervisor or instructor. 
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SPECIAL EQUIPMENT 


To complete this module you will need the Metrics in the Shop audio-visual program, the 
appropriate play-back equipment, and the workbook/review guide. In addition you will 
need the shim package (containing six shims) that came with this module, a vernier caliper 
capable of reading to 1/10 millimeter, a micrometer capable of reading to 1/100 millimeter, 
and a metric feeler gauge. The different types of audio-visual presentations (formats) and 
the types of required equipment to view each format are listed below. Read the operating 
instructions for the equipment you will be using before attempting to view the programs. 

Slide/Tape Format 

You will need either an automatic slide/tape player or a manual slide projector and 
separate tape player. Side A of the cassette tape has inaudible pulses which trigger 
the advance mechanism of automatic slide/tape players. Side B of the tape has tone 
pulses which you can hear to indicate when you should advance to the next slide. 
Before you begin, be sure that you are using the correct side of the cassette tape for 
the equipment you are using and rewind the tape completely to be sure you are at 
the start of the program. 

Filmstrip/Cassette Tape Format 

You will need either an automatic filmstrip/tape player or a manual filmstrip pro¬ 
jector and separate tape player. Side A of the cassette tape has inaudible pulses 
which trigger the advance mechanism of automatic filmstrip projectors. Side B of 
the tape has tone pulses which you can hear to indicate when you should advance 
the filmstrip to the next scene. Before you begin, be sure that you are using the cor¬ 
rect side of the cassette tape for the equipment you are using and rewind the tape 
completely to be sure you are at the start of the program. 

Film/Tape Cartridge Format 

Because of the variety of film/tape cartridge players available, we have not included 
instructions for this equipment. Be sure to read the operating instructions that come 
with the equipment you are using before viewing the audio-visual program. 

If you have any questions about how to use the audio-visual equipment, see your supervisor 
or instructor. 
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SPECIAL INSTRUCTIONS 


From time to time, as you view the audio-visual presentation, you will be told to stop the 
program and complete a review exercise. If you are using automatic play-back equipment, 
the program will then stop. If you are using manual play-back equipment, stop the program 
when you are told to do so. When you have completed the review exercise and checked your 
answers, restart the audio-visual presentation. 

The review guide section of this booklet can be used for reference when completing the 
review exercises and for your future reference as required. DO NOT use the review guide 
when you are viewing the audio-visual presentation. 

REVIEW EXERCISE 

Review exercise 7 is the final review for this module. When you have completed the audio¬ 
visual program and final exercise, and have reviewed your answers, have your instructor or 
supervisor verify your answers. Then have your instructor or supervisor record your progress 
on your Student Progress Sheet. Then go on to Module 6, Injector Operation, Service, and 
Testing. 
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Metrics In The Shop 
Workbook 


Exercise 1 (Scenes 1-14) 
Complete the following problems: 


1. 

1 cm = 

mm 

6. 

3.4 cm 

= mm 

2. 

7.5 cm = 

mm 

7. 

0.2 cm 

=_mm 

3. 

44 mm = 

cm 

8. 

1.5 mm 

=_cm 

4. 

5 mm = 

cm 

9. 

17 mm 

=_cm 

5. 

23 mm = 

cm 

10. 

0.05 cm 

=_mm 


Answer the following questions: 

1. The basic unit of linear measurement is the_. 

2. The basic unit for volume is the liter, but in the fuel shop, volume is measured in 

or_. 

3. The metric system is based on multiples of_ 

4. The English system uses foot, pound, gallons; metric system uses__ 


Check your answers on page 5. 
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Answers to Exercise 1 


1. 10mm 

2. 75 mm 

3. 4.4 cm 

4. 0.5 cm 

5. 2.3 cm 

6. 34 mm 

7. 2 mm 

8. ,15 cm 

9. 1.7 cm 

10. 0.5 mm 


1. meter 

2. cubic centimeters or milliliters 

3. tens, hundreds, and thousands 

4. meter, liter, gram 


Continue viewing the audio-visual program. 
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Exercise 2 (Scenes 15-31) 


Fill in the blanks with the correct reading for the micrometers in hundredths of a millimeter. 


1 . 


2 . 



mm 


mm 


3. 


4. 




5. 


6 . 



mm 


mm 


Continued on next page 
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7 . 



mm 


8 . 



mm 


Continued on next page 
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9 . 



mm 


10 . 



mm 


Check your answers on page 9. 


Answers on next page 
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Answers to Exercise 2 


1. 6.83 mm 

2. 4.66 mm 

3. 6.43 mm 

4. 13.29 mm 

5. 7.54 mm 

6. 5.47 mm 

7. 22.52 mm 

8. 4.94 mm 

9. 16.73 mm 

10. 2.55 mm 


Continue viewing the audio-visual program. 
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Exercise 3 (Scenes 32-38) 


Fill in the blanks with the correct reading for the vernier calipers in tenths of a millimeter: 



mm 




mm 


mm 
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4 . 



mm 


5. 



mm 


6 . 



mm 
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7 . 



mm 




12 























































































Check your answers on page 14. 
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Answers to Exercise 3 


1. 1.7 mm 

2. 22.6 mm 

3. 0.5 mm 

4. 7.35 or 7.4 mm 

5. 36.6 mm 

6. 3.5 mm 

7. 16.3 mm 

8. 7.4 mm 

9. 1.5 mm 

10. 6.8 mm 

Continue viewing the audio-visual program. 
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Exercise 4 (Scenes 39-52) 


Fill in the blanks with the correct reading for the dial indicators in tenths or hundredths of 
a millimeter. 



3. 



Preload 1 to 2 mm 


mm 



mm 



Preload 1 to 2 mm 

_mm 



Preload 1 to 2 mm Preload 0 

_mm 

Continued on next page 
15 


mm 
































7 . 


8 . 



Preload 0 


Preload 0 


mm 


mm 


9. 


10 . 



Preload 0 


Preload 0 


mm 


mm 


Check your answers on page 17. 
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Answers to Exercise 4 

-_ . „ . —A 


1. 0.34 mm 

2. 0.17 mm 

3. 0.07 mm 

4. 0.27 mm 

5. 0.21 mm 

6. 0.8 mm 

7. 3.3 mm 

8. 6.8 mm 

9. 9.3 mm 

10. 12.1 mm 


Continue viewing the audio-visual program. 
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Exercise 5 (Scenes 53-58) 


Complete the following questions: 

1. A feeler gauge is used to measure__. 

2. Metric feeler gauges have their thickness marked on the blade face and generally 

measure in_or_of a mm. 


Set the micrometer for the following dimensions and check the dimension with a metric 
feeler gauge: 


1. 0.1 mm 

2. 0.05 mm 

3. 0.25 mm 

4. 0.5 mm 

5. 0.35 mm 

6. 1.16 mm 

7. 1.65 mm 

8. 1.24 mm 


Check your answers on page 19. 
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Answers to Exercise 5 


1 • gaps 

2. tenths or hundredths 


Continue viewing the audio-visual program. 
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Exercise 6 (Scenes 59-63) 



20 




































































_ cm3 __ cm^ _ cm 3 

Check your answers on page 22. 
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Answers to Exercise 6 


1. 18.6 cm^ 

2. 29.4 cm^ 

3. 24.2 cm 3 

4. 180 cm 3 

5. 165 cm 3 

6. 171 cm 3 


Continue viewing the audio-visual program. 



Exercise 7 (Scenes 64-76) 


Use the correct tool, vernier caliper or micromter, to measure the shims found irithe shim 
packet. 

1 . 




3. 


1/100 mm 



mm 
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4. 




mm 


Have your instructor verify your measurements. Then continue the audio-visual program. 
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1. FOCUS 



Advance to black frame 
Start sound 


2. BLACK 


2 



IN THE SHOP 

* f BSl Rflbert Besch CorparaHon 


3. Metrics in the shop. 



4. Brought to you by Robert Bosch. 
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5. The components used in many injection systems are 
manufactured using metric specifications. To keep these 
components operating effectively and efficiently, you 
must understand metrics and how to read the metric 
measuring tools. 



6. Yes, metrics is really quite easy. And, when you finish 
this program . . . you'll understand metrics and how to 
use these important tools. Then you will get a chance to 
practice what you have learned. 



7. To complete this program you will need the review 
manual and shim package that came with the program, 
a metric vernier caliper capable of reading to a tenth of 
a millimeter, a metric micrometer reading to one one 
hundredth of a millimeter, and metric feeler gauges. If 
you don't have these things with you now, stop the pro¬ 
gram and get them. We'll wait. When you are ready to 
go, press the start button and we'll continue. 



8. Actually, when you look at it, our way of measuring 
things, commonly known as the English system, is far 
more complicated than the metric system. After all, 
with the English system you have to remember things 
like twelve inches equals one foot, but three feet equals 
one yard, or, sixteen ounces equals one pound. It only 
takes two pints to make one quart but four quarts to 
make a gallon. Now, that's confusing! 


28 























9. Meter, liter, and gram are really easy. All based on tens, 
hundreds, and thousands and, as you will see, all of 
these units are related. 



10. The basic unit of length is the meter, about the length 
of a baseball bat. Each meter is divided into ten deci¬ 
meters, each decimeter into ten centimeters, and each 
centimeter into ten millimeters. Nothing to it, just 
remember tens, hundreds and thousands. 



11. The meter starts with the millimeter-about the thickness 
of a dime ... If you add ten of these millimeters to¬ 
gether, you've got a centimeter. It takes 100 centimeters 
to make a meter (just like 100 cents makes a dollar). If 
one hundred centimeters makes a meter, then it also 
stands to reason that one thousand millimeters makes 
a meter. 


VOLUME 


LITER t 


r l o | *- 

CENTIMETER cm* 

J 



12. Metric volume is measured in liters, abbreviated with a 
small letter "L" or in cubic centimeters, abbreviated as 
"c m three." In the shop you use cubic centimeters 
(commonly referred to as cc's,) to measure volume. 
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13. Let's remove a one centimeter cube from a liter and fill 
it with water. If you empty it into a one liter container 
one thousand times it will fill the container. One cubic 
centimeter equals one one-thousandth of a liter, one 
milliliter. Got that? One thousand cubic centimeters 
equals one liter. Now, how much does that one milliliter 
of water weigh? 



14. One cubic centimeter, or one milliliter, of water weighs 
one gram. A liter of water weighs one thousand grams 
or one kilogram. Simple isn't it. Everything in tens, 
hundreds and thousands and everything related. This is 
a pretty good time for some review. Stop the program 
here and turn to exercise one in your review manual. 
When you have completed the exercise and checked 
your answers, go on with the program. 


PRESSURE AND FORCE 

BAR 

KILO PAS CALS 
NEWTONS 



15. Okay, you've got length, volume, and weight all figured 
out. How about pressure and force? Here are the terms 
you will have to deal with; bar, kilopascal and newton. 



16. You'll find metric pressure expressed in BAR or 
kilograms per centimeter squared; both of these are 
about fifteen pounds per square inch. Pressure is also 
expressed as kilopascal, "kPa," about one one hundredth 
of a BAR. 
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17. You can see on the gauge which measurement to use. 
You'll find a multiplier, usually ten, one hundred or 
one thousand on the dial face. 



18. Another measurement you'll be using in the shop is 
torque, the amount of force used when tightening. 
Metric torque is measured in Newton meters or meter 
kilograms. 


TORQUE 



DISTANCE * FORCE TORQUE 
1 METER x 5 NEWTONS 5 NEWTQN METERS 


19. Torque is measured by multiplying the distance from 
the axis by the force applied at the end of the wrench. 
Here, five Newtons applied one meter from the axis, 
result in a torque of five Newton meters. Newton 
meters is abbreviated with a large N and a small m. 
When measuring torque in meter kilograms . .. 



20. ... instead of a force being applied to the end of a 
wrench, meter - kilograms measures the turning force 
exerted by a known weight, here five kilograms, multi¬ 
plied by one meter. This equals five meter - kilograms. 
Make sure the units shown in your specifications match 
those on your torque wrench. 
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21. Now that you have an idea of what metrics is all about, 
it's time to look at the various devices and tools that 
you will be using. .. . 




23. Precision measurements are vital especially in the shop 
because many parts are assembled to very close toler¬ 
ances. Let's start with . . . 



24. ... the micrometer, a precision measuring instrument 
that you'll use to measure the thickness of shims as well 
as other parts. The micrometer generally measures in 
hundredths of a millimeter. For this program you'll 
want one that looks like this. 
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25. The horseshoe shaped frame is called the bow. The part 
being measured is placed between the fixed anvil and 
movable spindle. Thickness is read on the sleeve and 
rotating thimble. This micrometer has a ratchet which 
prevents overtightening of the thimble. Let's look closer 
at the sleeve and thimble. 



26. The scale on the sleeve is used to read whole and half 
millimeters. The rotating thimble scale reads in hun¬ 
dredths of a millimeter from zero to fifty. Two revolu¬ 
tions of the thimble equals one millimeter. 



27. On the sleeve scale each mark above the centerline indi¬ 
cates whole millimeters. Half or point five millimeter 
marks are shown below the centerline. What does this 
sleeve scale read? That's right, something more than 
eight millimeters. 


28. 


THIMBLE SCALE 



Just how much more is read on the thimble scale. As 
we said, each line on the thimble scale represents one 
one hundredth or point zero one of a millimeter. Read 
the mark that is closest to lining up with the centerline. 
What does this thimble scale read? Correct, forty-eight. 
So the micrometer reads eight on the sleeve scale and 
forty-eight on the thimble scale. The total reading is 
eight point four eight millimeters. 
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29. As you approach fifty hundredths on the thimble scale, 
notice the half millimeter line on the sleeve scale is 
beginning to show. Be careful not to add fifty hun¬ 
dredths from below the centerline until the thimble has 
passed zero. Remember, you must rotate the thimble 
scale twice for each millimeter. 



30. Let's read another one. The sleeve scale indicates more 
than six point five because we have passed the six milli¬ 
meter mark above the centerline and have passed the 
half millimeter mark below the centerline. The mi¬ 
crometer reads more than six point five. To see how 
much more, read the thimble scale where it meets the 
centerline and add the reading to the sleeve scale. 
What does the micrometer read? Right, six point five 
plus the thimble scale reading of point three nine so, 
the correct reading is six point eight nine. 



31. Okay, read this micrometer. Be careful of the mark on 
the sleeve scale. Remember, the marks on the sleeve 
scale sometimes appear before the thimble scale has 
indicated a full fifty hundredths of a millimeter. You 
should get nine point nine two. It's time for some 
practice. Stop the program and turn to review exercise 
number two. When you have finished and have checked 
your answers, restart the program and we'll continue. 



32. The next measuring tool you'll work with is the vernier 
caliper. For shop use you'll probably use a vernier 
caliper more often than the micrometer to measure 
parts such as shims, clearances and fuel line sizes. 
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VERNIER CALIPER 


33. The vernier caliper is usually equipped with two sets of 
jaws. One set is used for outside measurements, (such 
as shim thicknesses) while the other set is used for in¬ 
side measurements; such as hole diameters or clearances. 
The left jaw point is stationary; the right jaw point is a 
part of a slider. The slider moves along the main scale. 
A friction lock, or in some cases a clamp screw, locks 
the slider for taking readings. Some vernier calipers 
have a depth tang which can be used for measuring the 
depth of a hole or an offset. 



34. There are variations of vernier caliper scales. Some read 
in one tenth millimeter, others in five one hundredths 
of a millimeter and still others in two one hundredths. 
The one we'll be using in this program, will have one 
scale for metric measurements and another scale for 
inch measurement. No matter what type of caliper you 
have, the basics of reading the scale remain the same, 
so don't let variations confuse you. 



35. This caliper has a metric scale on top and an inch scale 
below. The slider's vernier scale reads in one twentieth 
or point zero five millimeter increments. 



36. To help you understand how to read the metric main 
scale we have taped over all but the zero line of the 
vernier scale. The main scale is nothing more than a 
metric ruler with centimeter and millimeter marks. To 
read the main scale, just count the number of marks 
from zero on the main scale until you reach zero on the 
vernier scale. In this case five. Simple huh. But what 
about the tenths of a millimeter? 
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37. The vernier scale takes care of that. Each long line on 
this vernier scale represents one tenth of a millimeter. 
Each short line represents five one hundredths of a 
millimeter. To read the vernier scale, find the line on 
the vernier that matches up exactly with a line on the 
main scale. Got that? Good! What's the reading on this 
vernier caliper? You better have said two point five 
millimeters or we're both in trouble. 


38. Let's go through another reading together. To read the 
main scale, just count the marks from zero, in this case 
five. On the vernier look for the line that exactly lines 
up with a line on the main scale. Here it's the line be¬ 
tween six and seven. The vernier scale reads point six 
five millimeters. Our total measurement is five point six 
five millimeters. Now you try it. Stop the program and 
turn to exercise three in the review manual. When 
you're finished and have checked your answers we'll 
go on. 



39. There are many measurements on injection equipment 
that you will have to make. You'll need to use a dial 
indicator for some of these jobs. 



40. Most dial indicators are equipped with an outer scale 
and large pointer, plus an inner scale and pointer. The 
large scale indicates tenths or hundredths of a millimeter. 
The inner scale indicates whole millimeters of travel of 
the tracer pin or foot. 
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41. There is a variety of dial indicators. Some may read in 
increments of one tenth millimeter, others in one 
hundredth of a millimeter. Some have a spring loaded 
tracer pin, others do not. Some have a linear scale for 
reading whole units. Some have a tracer pin at both 
ends. And some have special attachments. But, the 
basics of reading a dial indicator are the same. 



42. One dial indicator you will use has a spring loaded tracer 
pin. The outer scale reads in hundredths of a millimeter - 
each small line represents one one hundredth of a 
millimeter; every ten hundredths are numbered. Read¬ 
ings on the small inner scale represent whole milli¬ 
meters, or one complete rotation of the large needle. 



43. Read the inner scale first, (for whole millimeters,) and 
then the outer scale for hundredths of a millimeter. 
Okay! What's the reading on this dial indicator? You 
should read eight point three three millimeters. 



44. The spring loaded tracer pin is normally extended. The 
dial reads only when the pin is pushed in. To make sure 
that the tracer pin stays in contact with a moving part, 
you must pre-load the dial indicator. Clamp it in place 
so that the pin is pushed in approximately one or two 
millimeters. One word of caution. Be sure there is 
enough pin travel to complete the measurement. A dial 
indicator can be easily jammed or broken when the pin 
is forced to over travel. 
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45. Once preloaded, to aid you in reading the dial indicator 
correctly, you can zero the outer scale. Rotate the outer 
scale so the zero mark is directly under the outer 
pointer. When zeroing, the inner or unit scale doesn't 
move. Let's see how pre-loading and zeroing the dial 
indicator works on a typical job. 



46. Suppose you want to check camshaft end play. Clamp 
the dial indicator in position with approximately a two 
millimeter pre-load. Remember, a pre-load is when the 
dial indicator has a reading before you start measuring. 



47. Now, push in on the camshaft and zero the dial indi¬ 
cator. To zero the dial indicator, turn the outer scale so 
the zero mark is under the outer pointer. 



48. To measure end play, pull the camshaft in the opposite 
direction and take the measurement. After you subtract 
the preload, the camshaft end play in our example is 
zero point zero four millimeters or four hundredths of a 
millimeter. 
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49. Another dial indicator you will use looks like this and 
measures tenths of a millimeter. Each line on the outer 
scale represents one tenth of a millimeter. The numbers 
on the outer scale represent whole millimeters. One 
complete rotation of the needle represents ten milli¬ 
meters. The small inner scale also reads whole milli¬ 
meters, from zero to fifty. 



50. To read this dial indicator, check the small inner scale 
first to determine how many whole millimeters. Then 
read the outer scale for the tenths of a millimeter. 
However, any reading under ten millimeters may be read 
directly from the large outer scale. What's the reading 
on this dial? Eleven point eight millimeters. 




OUTER SCALE 



51. A third type of dial indicator you'll use is the sliding 
scale type. Each small line on the outer scale represents 
one tenth of a millimeter, one complete rotation of the 
needle represents ten millimeters. The sliding scale reads 
in five millimeter increments. This particular sliding 
scale indicates five, ten, fifteen, twenty, twenty-five and 
thirty millimeters travel of the tracer pin. 



52. To read the sliding scale dial indicator, first look at the 
sliding scale. — If it's below ten, read only the measure¬ 
ment on the outer scale. If the sliding scale is above ten, 
add the sliding scale reading to the outer scale reading. 
Try reading the sliding scale dial indicator shown. The 
sliding scale is above ten and below twenty so the 
reading is thirteen point nine millimeters. Now stop and 
turn to exercise four in your review manual for some 
practice readings on dial indicators. When you've 
finished and checked your answers we'll continue. 
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Occasionally you will need to use the dial indicator with 
other tools — In this case we have mounted our dial 
indicator in a dial indicator stand and have set them on 
a surface plate. The surface plate is a precision flat 
surface and is generally made of cast iron or granite. 


Here we'll use a dial indicator for comparing roller 
height. The rollers should be within two hundredths of a 
millimeter of each other. To check them, set the Roller 
Cage under the dial indicator pin and pre-load the dial 
indicator to maintain tracer pin contact with the rollers. 
In this example the pre-load is two point zero six 
millimeters. 


Next, you'll zero the dial indicator — move the outer 
scale so the zero on the scale lines up with the needle. 


Now you'll re-position the Roller Cage and check the 
height of each of the rollers. With this setup you can 
easily tell if all rollers are within two hundredths of a 
millimeter of each other. Disregarding preload, the dial 
indicator reads zero point zero two — so this roller is in 
spec. 
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57. Another metric measuring tool you'll use is the feeler or 
thickness gauge. Use a feeler gauge to check small gaps 
between two parts. 



58. Metric feeler gauges come in sets of blades. The precise 
thickness of each blade is marked in tenths and hun¬ 
dredths of a millimeter. An accurate measurement is 
made when the feeler gauge blade slips in the gap with 
only a slight amount of drag/you may have to combine 
more than one blade, but it's best to use as few blades as 
possible. Stop the program and turn to exercise five in 
the review manual. Perform the measurements indicated 
with the micrometer and feeler gauge. When you finish, 
we'll continue the program. 



59. Let's continue our discussion on measuring tools with 
test bench graduates. A metric graduate measures liquid 
in milliliters or in cubic centimeters. They're the same 
thing, remember? In these graduates you'll measure 
metered calibrating fluid from the pump. 



60. Each small line on this graduate represents two tenths of 
a cubic centimeter. Each longer line separates whole 
cubic centimeters. Every other cubic centimeter is 
numbered. 
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61. On this larger graduate each line represents one cubic 
centimeter. Every ten cubic centimeters is numbered. 
To read a graduate of any size . . . 



62. . . . always check the liquid at eye level. If your gradu¬ 
ates have this blue line, read the fluid where the blue 
line, seen through the test fluid narrows to a point. In 
this example, fluid measures eighty-seven cubic centi¬ 
meters. If your graduates do not have the blue line, read 
at the bottom of the curved surface of the liquid. 



63. When calibrating a fuel injection pump it is extremely 
important to take accurate readings. Now's a good time 
to practice reading graduates. Stop the program, turn to 
exercise six in the review manual and complete the 
questions. When you finish, check your answers and 
we'll continue the program. 



64. Since the vernier caliper and micrometer are used to 
measure the thickness of shims, thrust washers and 
other similar items, let's measure some. But first a quick 
review on using the micrometer and vernier caliper. 
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65. To measure shims with a micrometer - open your mi¬ 
crometer by turning the thimble just far enough to slip 
the shim between the anvil and spindle, as shown here. 
Use the ratchet if you have one to tighten the spindle 
down on the shim, but remember, don't over tighten. 
Now measure the shim by reading the micrometer in 
hundredths of a millimeter. 



66. To measure shims with a vernier caliper, slip the shim 
between the jaws, close the jaws securely and read the 
measurement on the main scale and vernier scale. The 
vernier caliper measures accurately to tenths or twen¬ 
tieths of a millimeter, but only if the jaws are tight 
against the part. 



67. Now stop the program, take your shim packet, measure 
these shims using your micrometer or vernier caliper. 
Enter your measurements in exercise seven in your 
review manual. Once you've checked your answers, 
we'll continue the program. 



68. Here's how to use a vernier caliper to check an inside 
measurement - in this case that of a high pressure test 
line. It is important for calibration purposes that your 
test line inside diameter is correct. Incorrect ID can 
affect fuel flow. 
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69. Test lines are also identified by their outside diameters. 
Selecting the correct test line size as called for in the 
specs is vital to accurate pump calibration. 



70. Making accurate settings and adjustments of fuel in¬ 
jection equipment during assembly and test is vital to 
proper engine performance. Equally important is know¬ 
ing how to properly use and read metric measuring 
devices. 



71. Let's review metrics in the shop. The metric system is 
based on tens, hundreds and thousands with the meter, 
liter and gram the basic units of measurement. 


72. Use the micrometer, dial indicator and vernier caliper, 
to measure length and thickness; use torque wrenches 
to measure tightening force. 
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73. Use feeler gauges to measure small gaps. 




74. Use pressure gauges and graduates for measuring pres¬ 
sure and volume. 



75. Correctly using metrics in the shop is a matter of know¬ 
ing metrics and how to use the tools. 
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